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Chapter 10
USB Host: Hardware and Software

The USB interconnect supports data tralfic between a host and a USB device. This chapter describes the
host interfaces necessary to facilitate USB communication between a software client, resident on the host,
and a function implemented on a device. The implementation described in this chapter is not required.
This implementation is provided as an example to illustrate the host system behavior expected by a USB
device. A host sysiem may provide a different host software implementation as long as a USB device
experiences the same host behavior.

10.1 Overview of the USB Host

10.1.1 Overview
The basic flow and interrelationships of the USB communications model are shown in Figure 10-1.

Host Interconnect Device
Client Function
USB System USB Device

i

USBE Bus & 2 USB Bus

Interface Interface

ey A\ ctual communications flow

Logical communications flow

Figure 10-1. Interlayer Communications Model

The host and the device are divided into the distinct layers depicted in Figure 10-1. Vertical arrows
indicate the actual communication on the host. The corresponding interfaces on the device are
implementation-specific. All communications between the host and device ultimately occur on the
physical USB wire. However, there are logical host-device interfaces between each horizontal layer.
These communications, between client software resident on the host and the function provided by the
device, are typified by a contract based on the needs of the application currently using the device and the
capabilities provided by the device.

This clieni-function interaction creates the requirements for all of the underlying layers and their interfaces.
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This chapter describes this model from the point of view of the host and its layers. Figure 10-2 illustrates,
based on the overall view introduced in Chapter 5, the host’s view of its communication with the device.
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Figure 10-2. Host Communications
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Figure 10-4. Configuration Interactions

When a device is attached, the hub driver receives a notification from the hub detecting the change. The
hub driver, using the information provided by the hub, requests a device identifier from the USBD. The
USBD in turn sets up the default pipe for that device and returns a device identifier fo the hub driver.

The device is now ready to be configured for use. For each device, there are three configurations that must
be complete before that device is ready for use:

1. Device Configuration: This includes setting up all of the device’s USB parameters and allocating all
USB host resources that are visible to the device. This is accomplished by setting the configuration
value on the device. A limited set of configuration changes, such as alternate settings, is allowed
without totally reconfiguring the device. Once the device is configured, it s, from its point of view,
ready for use.

2. USB Configuration: In order to actually create a USBD pipe ready for use by a client, additional USB
information, not visible to the device, must be specified by the client. This information, known as the
Policy for the pipe, describes how the client will use the pipe. This includes such items as the
maximum amount of data the client will transfer with one IRP, the maximum service interval the client
will use, the client’s notification identification, and so on.

3. Function Configuration: Once configuration types | and 2 have been accomplished, the pipe is
completely ready for use from the USB’s point of view. However, additional vendor- or class-specific
setup may be required before the client can actually use the pipe. This configuration is a private matter
between the device and the client and is not standardized by the USBD.
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required for all USBD implementations. For specifics of the USBD operation within a specific
environment, see the relevant operating system environment guide for the USBD. A single instance of the
USBD directs accesses to one or more HCDs that in turn connect to one or more Host Controllers. I
allowed, how USBD instancing is managed is dependent upon the operating system environment.
However, from the client’s point of view, the USBD with which the client communicates manages all of
the attached USB devices.

10.5.1 USBD Overview

10.

288

Clients of USBD direct commands to devices or move streams of data to or from pipes. The USBD
presents two groups of software mechanisms to clients: command mechanisms and pipe mechanisms.

Command mechanisms allow clients to configure and control USBD operation as well as to configure and
generically control a USB device. In particular, command mechanisms provide all access to the device’s
default pipe.

Pipe mechanisms allow a USBD client to manage device specific data and control transfers. Pipe
mechanisms do not allow a client to directly address the device’s default pipe.

Figure 10-5 presents an overview of the USBD structure.
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Figure 10-5. Universal Serial Bus Driver Structure

5.1.1 USBD Initialization

Specific USBD initialization is operating system-dependent. When a particular USB managed by USBD is
nitialized, the management information for that USB is also created. Part of this management information
is the default address device and its default pipe used to communicate to a newly reset device.

When a device is attached to a USB, it responds to a special address known as the default address (refer to
Chapter 9) until its unique address is assigned by the bus enumerator. In order for the USB System to
interact with the new device, the default device address and the device’s default pipe must be available to
the hub driver when a device is attached. During device initialization, the default address is changed to a
unique address.
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Figure 11-1. Hub Architecture

When a hub’s upstream facing port is attached to an electrical environment that is operating at full-/low-
speed, the hub’s high-speed functionality is disallowed. This means that the hub will only operate at full-
/low-speed and the transaction translator and high-speed repeater will not operate. In this electrical
environment, the hub repeater must operate as a full-/low-speed repeater and the routing logic connects
ports to the hub repeater.

When the hub upstream facing port is attached to an electrical environment that is operating at high-speed,
the full-/low-speed hub repeater is not operational. In this electrical environment when a high-speed device
is attached on downstream facing port, the routing logic will connect the port to the hub repeater and the
hub repeater must operate as a high-speed repeater. In this case, when a full-/low-speed device is attached
on a downstream facing port, the routing logic must connect the port to the transaction translator.

1.2 Hub Connectivity
Hubs exhibit different connectivily behavior depending on whether they are propagating packet traffic, or
resume signaling, or are in the Idle state.

1.2.1 Packet Signaling Connectivity

The Hub Repeater contains one port that must always connect in the upstream direction (referred to as the
upstream facing port) and one or more downstream facing ports. Upstream connectivity is defined as being
towards the host, and downstream connectivity is defined as being towards a device. Figure 11-2 shows the
packet signaling connectivity behavior for hubs in the upstream and downstream directions. A hub also has
an Idle state, during which the hub makes no connectivity. When in the Idle state, all of the hub’s ports are
in the receive mode waiting for the start of the next packet.
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Figure 11-2. Hub Signaling Connectivity

If a downstream facing port is enabled (i.c., in a state where it can propagate signaling through the hub), and
the hub detects the start of a packet on that port, connectivity is established in an upstream direction to the
upstream facing port of that hub, but not to any other downstream facing ports. This means that when a
device or a hub transmits a packet upstream, only those hubs in line between the transmitting device and the
host will see the packet. Refer to Section 11.8.3 for optional behavior when a hub detects simultaneous
upstream signaling on more than one port.

In the downstream direction, hubs operate in a broadcast mode. When a hub detects the start of a packet on
its upstream facing port, it establishes connectivity to all enabled downstream facing ports. If a port is not
enabled, it does not propagate packet signaling downstream.

11.1.2.2 Resume Connectivity

Hubs exhibit different connectivity behaviors for upstream- and downstream-directed resume signaling. A
hub that is suspended reflects resume signaling from its upstream facing port to all of its enabled
downstream facing ports. Figure 11-3 illustrates hub upstream and downstream resume connectivity.

%&:ﬂm %35?#’"’“

Enabled Port

L]
& Disabled or

N\ 2= i

B /]
mMJ-‘ m\ e b
S i

—

Figure 11-3. Resume Connectivity
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11.5.1 Downstream Facing Port State Descriptions

11.5.1.1 Not Configured

A port transitions to and remains in this state whenever the value of the hub configuration is zero. While the
port is in this state, the hub will drive an SE0 on the port (this behavior is optional on root hubs). No other
active signaling takes place on the port when it is in this state.

11.5.1.2 Powered-off

1.

312

This state is supported for all hubs.
A port transitions to this state in any of the following situations:

e  From any state except Not Configured when the hub receives a ClearPortFeature(PORT _POWER)
request for this port

*  From any state when the hub receives a SetConfiguration() request with a configuration value other
than zero

* From any state except Not Configured when power is lost to the port or an over-current condition exists

A port will enter this state due to an over-current condition on another port if that over-current condition
may have caused the power supplied to this port to drop below specified limits for port power (see
Section 7.2.1.2.1 and Section 7.2.4.1).

If a hub was configured while the hub was self-powered, and then if external power is lost, the hub must
place all ports in the Powered-off state. If the hub is configured while bus powered, then the hub need not
change port status if the hub switched to externally applied power. However, il external power is
subsequently lost, the hub must place ports in the Powered-off state.

In this state, the port’s differential and single-ended transmitters and receivers are disabled.

Control of power to the port is covered in Section 11.11.

5.1.3 Disconnected
A port transitions to this state in any of the following situations:

¢ From the Powered-off state when the hub receives a SetPortFeature(PORT_POWER) request

* From any state except the Not Configured and Powered-off states when the port’s disconnect timer times
out

e From the Restart_S or Restart_E state at the end of the restart interval

In the Disconnected state, the port’s differential transmitter and receiver are disabled and only connection
detection is possible.

This is a timed state. While in this state, the timer is reset as long as the port’s signal lines are in the SEO or
SE1 state. If another signaling state is detected, the timer starts. Unless the hub is suspended with clocks
stopped, this timer's duration is 2.5 ps to 2 ms.

If the hub is suspended with its remote wakeup feature enabled, then on a transition to any state other than

the SEO state or SE1 state on a Disconnected port, the hub will start its clocks and time this event. The hub
must be able to start its clocks and time this event within 12 ms of the transition. If a hub does not have its
remote wakeup feature enabled, then transitions on a port that is in the Disconnected state are ignored until
the hub is resumed.
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